Introduction
Despite the claims of many "futurists," the form nanorobots of the future will take and what tasks they will actually perform remain unclear. However, it is clear that nanotechnology is progressing towards the construction of intelligent sensors, actuators, and systems that are smaller than lOOnm. These nanoelectromechanical systems (NEMS) will serve as both the tools to be used for fabricating future nanorobots as well as the components from which these nanorobots may be developed. Shrinking device size to these dimensions presents many fascinating opportunities such as manipulating nanoobjects with nanotools, measuring mass in femto-gram ranges, sensing forces at pico-Newton scales, and inducing GHz motion, among other new possibilities waiting to be discovered. These capabilities will, of course, drive the tasks that future nanorobots constructed by and with NEMS will perform.
The design and fabrication of NEMS is an emerging area being pursued by an increasing number of researchers. Just as with MEMS, NEMS design is inextricably linked to available fabrication techniques. However, though the development of microfabrication processes has become somewhat stable over the past decade, nanofabrication processes are still being actively pursued, and the design constraints generated by these processes are relatively unexplored. Two approaches to nanofabrication, top-down and bottom-up, have been identified by the nanotechnology research community, and the topic of Top-down and bottom-up nanofabrication strategies are being independently investigated by various researchers. Top-down approaches are based on microfabrication and include technologies such as nano-lithography, nanoimprinting, and chemical etching. Presently, these are 2D fabrication processes with relatively low resolution. Bottom-up strategies are assembly-based techniques. Currently these strategies include techniques such as self-assembly, dip-pen lithography, and directed self-assembly. These techniques can generate regular nano patterns at large scales. With the ability to position and orient nanometer scale objects, nanorobotic manipulation is an enabling technology for structuring, characterizing and assembling many types of nanosystems (shown in Fig. 1) [1] . By combining top-down ( Fig. 2(a) ) and bottom-up processes (Fig. 2(b) ), a hybrid nanorobotic approach (Fig. 2(c) ) based on nanorobotic manipulation provides a third way to fabricate NEMS by structuring as-grown nanomaterials or nanostructures. In this system, nanofabrication based top-down processes and nanoassembly based bottom-up processes can be performed in an arbitrary order. Consider nanofabrication processes in which nanomaterials or nanostructures can be fabricated into nano building blocks by removing unwanted parts. These building blocks can then be assembled into NEMS. Conversely, nanoassembly can be performed first and nanomaterials or nanostructures can be assembled into higher-level (i.e. more
